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(57) ABSTRACT

A light emitting diode (LED) driving apparatus and an LED
backlight system using the same are provided. The backlight
control circuit suitable for driving an LED string includes a
complex function pin, a driving circuit and a backlight control
circuit. The backlight control circuit includes a control cur-
rent generating unit, a first current comparing unit and a
second current comparing unit. The control current generat-
ing unit receives a dimming control signal and an enable
control signal from the complex function pin to generate a
control current accordingly. The first and the second current
comparing units are respectively configured to compare the
control current with first and second predetermined currents
to respectively generate a first and a second control signals.
The driving circuit determines to be turned on or off accord-
ing to the second control signal, and further adjusts a lumi-
nance of the LED string according to the first control signal.

18 Claims, 2 Drawing Sheets

100
120 N0 <0
22 124 =
g First cureent S_C1 I—i—l i %
S_DIM Control comparing unit i i
current Driving circuit R |
SEN generating I (126 P |
cp unit C. | Second cureent | |S_C2 'L
comparing unit L)
S
LEDs




US 9,060,403 B2

Sheet 1 of 2

Jun. 16, 2015

U.S. Patent

| "Old

NT m%J nun Buupdwod
T 207S | | yueaind puodss <5 jun dJ
T
“ “ 7 buiioJaush \_M\Tl
......... | m | m 1N buialQ %l Wy ] sz_lw
TAY jun Buipdusod 104}U07) NIQ S
A 19-S JusaIno Jsiy | <5r
o ¥21” L
oL’ 0z~
001~



US 9,060,403 B2

Sheet 2 of 2

Jun. 16, 2015

U.S. Patent

¢ 9l4
Iq
_ P—o0 NIS
aN9 N do—3 WAA—O NITS
N
; o1
) i i
i N9
Ty -
Nole . + o dp
| | do !
it | mr T
| U ? m
| |
| on ]| I on
- ® ® - ® Lm h_m_>
~-0z71 4Tl



US 9,060,403 B2

1
LIGHT EMITTING DIODE DRIVING
APPARATUS AND LIGHT EMITTING DIODE
BACKLIGHT SYSTEM USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of Taiwan
application serial no. 102117577, filed on May 17,2013. The
entirety of the above-mentioned patent application is hereby
incorporated by reference herein and made a part of this
specification.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a light emitting diode driving tech-
nology, and more particularly, to a light emitting diode driv-
ing apparatus and a light emitting diode backlight system
using the same.

2. Description of Related Art

Due to rapidly advancing semiconductor technologies in
the recent years, portable electronics and flat panel displays
have also gained popularity. Among various types of flat
display panel, liquid crystal displays (LCDs) have gradually
become the mainstream display products due to the advan-
tages such as a low operating voltage, free of harmful radia-
tion, light weight and small and compact size. In general, the
LCD is not equipped with a self-luminance function, and thus
a backlight module is required to be disposed underneath an
LCD panel, so as to supply a light (backlight) source to the
LCD panel.

A conventional backlight module can be roughly classified
into two types, i.e. a cold cathode fluorescent lamp (CCFL)
backlight module and a light emitting diode (LED) backlight
module. Since the light emitting diode backlight module is
capable of improving color gamut of the LCD, panel manu-
facturers prefer to employ the light emitting diode backlight
module in replacement of the CCFL backlight module.

The light emitting diode backlight module generally
includes a plurality of light emitting diode strings connected
in parallel, and each light emitting diode string is composed
by a plurality of light emitting diodes connected in series. In
a conventional light emitting diode backlight system, a light
emitting diode driving apparatus is generally composed by
circuits such as a control chip, a power switch and a power
conversion circuit. The control chip may provide a switching
signal to switch the power switch, so that the power conver-
sion circuit may generate a driving signal in response to
switching of the power switch to drive the light emitting diode
string, so as to turn on the light emitting diode string for
emitting light.

Generally, the control chip may adjust the driving signal
provided by itself according to various control signals, so as
to realize control functions such as adjusting luminance of the
backlight module and turning on or off the backlight module.
However, to realize above control functions, in the conven-
tional light emitting diode apparatus, the control chip at least
require two different complex function pins to respectively
receive the control signal for dimming and the control signal
for controlling the backlight module to be turned on or off.

In an integrated circuit layout of the control chip with a
fixed layout area, difficulty and complexity of circuit layout
are relatively higher when a number of the complex function
pins increases. In addition, in case of a tight layout space, a
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possibility that an unexpected coupling phenomenon to occur
may also be significantly increased.

SUMMARY OF THE INVENTION

The invention is directed to a light emitting diode driving
apparatus and a light emitting diode backlight system using
the same, which are capable of controlling luminance and
conductive state of light emitting diode by utilizing the same
complex function pin.

The light emitting diode driving apparatus of the invention
is suitable for driving at least one light emitting diode string.
The light emitting diode driving apparatus includes a driving
circuit and a backlight control circuit. The driving circuit is
coupled to the light emitting diode string and configured to
provide a driving signal to drive the light emitting diode
string. The backlight control circuit is coupled to the complex
function pin and the driving circuit, in which the backlight
control circuit includes a control current generating unit, a
first current comparing unit and a second current comparing
unit. The control current generating unit receives a dimming
control signal and an enable control signal from the complex
function pin, and generates a control current in response to
disable/enable states of the dimming control signal and the
enable control signal. The first current comparing unit is
coupled to the control current generating unit, and configured
to compare the control current with a first predetermined
current and generate a first control signal according to a
comparison result. The second current comparing unit is
coupled to the control current generating unit, and configured
to compare the control current with a second predetermined
current and generate a second control signal according to a
comparison result, in which the first predetermined current is
less than the second predetermined current. The driving cir-
cuit determines to be turned on or oft according to the second
control signal, so as to control whether to provide the driving
signal. The driving circuit further adjusts the driving signal
according to the first control signal, so as to adjust a lumi-
nance of the light emitting diode string.

In an embodiment ofthe invention, when the enable control
signal is disabled, the control current generating unit gener-
ates the control current greater than or equal to the second
predetermined current in response to the enable control sig-
nal, so that the driving circuit is turned off according to the
second control signal and stops to provide the driving signal
to turn off the light emitting diode string.

In an embodiment ofthe invention, when the enable control
signal is enabled, the control current generating unit gener-
ates the control current less than the second predetermined
current in response to the disable/enable state of the dimming
control signal, so that the driving circuit is turned on accord-
ing to the second control signal and provides the driving
signal to turn on the light emitting diode string.

In an embodiment of the invention, when the dimming
control signal is disabled, the control current generating unit
generates the control current greater than or equal to the first
predetermined current in response to the dimming control
signal, so that the driving circuit adjusts the luminance of the
light emitting diode string to a first luminance according to
the first control signal.

In an embodiment of the invention, when the dimming
control signal is enabled, the control current generating unit
generates the control current less than the first predetermined
current in response to the dimming control signal, so that the
driving circuit adjusts the luminance of the light emitting
diode string to a second luminance which is different from the
first luminance according to the first control signal.
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In an embodiment of the invention, since the light emitting
diode driving apparatus includes the complex function pin
coupled to the backlight control circuit, so the control current
generating unit receives the dimming control signal and the
enable control signal via the complex function pin.

In an embodiment of the invention, the backlight control
circuit further includes an input resistor and an input diode. A
first terminal of the input resistor receives the dimming con-
trol signal, and a second terminal of the input resistor is
coupled to the control current generating unit via the complex
function pin. A cathode terminal of the input diode receives
the enable control signal, and an anode terminal of the input
diode is coupled to the control current generating unit via the
complex function pin.

The light emitting diode backlight system of the invention
includes at least one light emitting diode string and a light
emitting diode driving apparatus. The light emitting diode
driving apparatus is configured to drive the light emitting
diode string, in which the light emitting diode driving appa-
ratus includes a driving circuit and a backlight control circuit.
The driving circuit is coupled to the light emitting diode string
and configured to provide a driving signal to drive the light
emitting diode string. The backlight control circuit is coupled
to a circuit complex function pin and a driving circuit. The
backlight control circuit includes a control current generating
unit, a first current comparing unit and a second current
comparing unit. The control current generating unit receives
a dimming control signal and an enable control signal from
the complex function pin, and generates a control current in
response to disable/enable states of the dimming control sig-
nal and the enable control signal. The first current comparing
unit is coupled to the control current generating unit, and
configured to compare the control current with a first prede-
termined current and generate a first control signal according
to a comparison result. The second current comparing unit is
coupled to the control current generating unit, and configured
to compare the control current with a second predetermined
current and generate a second control signal according to a
comparison result, in which the first predetermined current is
less than the second predetermined current. The driving cir-
cuit determines to be turned on or off according to the second
control signal, so as to control whether to provide the driving
signal. The driving circuit further adjusts the driving signal
according to the first control signal, so as to adjust a lumi-
nance of the light emitting diode string.

Based on above, a light emitting diode driving apparatus
and a light emitting diode backlight system using the same are
provided according to the embodiments of the invention. In
the light emitting diode driving apparatus, a backlight control
circuit may generate different control signals respectively
according to disable/enable states of'a dimming control signal
and an enable control signal received, so that the backlight
control circuit may control the driving circuit by determining
a current size, and the driving circuit may determine to be
turned on or off according to a determined result and adjust a
luminance of the light emitting diode. Accordingly, the light
emitting diode driving apparatus and the backlight system
which are applied with said backlight control circuit may
receive two different control signals via only one single com-
plex function pin, so as to effectively simplify overall circuit
design of the light emitting diode driving apparatus and the
backlight system.

To make the above features and advantages of the invention
more comprehensible, several embodiments accompanied
with drawings are described in detail as follows.
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4
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a light emitting diode
backlight system according to an embodiment of the inven-
tion.

FIG. 2 is a schematic circuit diagram of a backlight control
circuit according to an embodiment of the invention.

DESCRIPTION OF THE EMBODIMENTS

According to embodiments of the invention, a light emit-
ting diode driving apparatus and a light emitting diode back-
light system using the same are provided. In the light emitting
diode driving apparatus, a backlight control circuit may gen-
erate different control signals respectively according to dis-
able/enable states of a dimming control signal and an enable
control signal received, so that the backlight control circuit
may control the driving circuit by determining a current size,
and the driving circuit may determine to be turned on or off
according to a determined result and adjust aluminance ofthe
light emitting diode. Accordingly, the light emitting diode
driving apparatus and the backlight system which are applied
with said backlight control circuit may receive two different
control signals via only one single complex function pin, so as
to effectively simplify overall circuit design of the light emit-
ting diode driving apparatus and the backlight system. In
order to make content of the present disclosure more compre-
hensible, embodiments are described below as the examples
to prove that the present disclosure can actually be realized.
Moreover, elements/components/steps with same reference
numerals represent same or similar parts in the drawings and
embodiments.

FIG. 1 is a schematic diagram of a light emitting diode
backlight system according to an embodiment of the inven-
tion. Referring to FIG. 1, a light emitting diode backlight
system 10 includes a light emitting diode string LEDs and a
light emitting diode driving apparatus 100 for driving the
light emitting diode string LEDs, in which the light emitting
diode string LEDs may be of one set or multiple sets inter-
connected in parallel, and each light emitting diode string
LEDs may include one light emitting diode or multiple light
emitting diodes interconnected in series, but the invention is
not limited thereto.

The light emitting diode driving apparatus 100 includes a
driving circuit 110 and a backlight control circuit 120. The
driving circuit 110 is coupled to the light emitting diode string
LEDs and configured to provide a driving signal S_D to drive
the light emitting diode string LEDs. More specifically, the
driving circuit 110 includes, for example, a power switch (not
illustrated) and a power conversion circuit (not illustrated), in
which the driving circuit 110 may provide a switching signal
(e.g., a pulse-width modulation (PWM) signal) to switch a
conducting state of the power switch, so that the power con-
version circuit may generate the driving signal S_D (which
may be a specific driving current) in response to switching of
the power switch, so as to turn on the light emitting diode
string LEDs inresponse to the driving signal S_D for emitting
light.

The backlight control circuit 120 is coupled to the driving
circuit 110, in which the backlight control circuit 120
includes a control current generating unit 122, a first current
comparing unit 124 and a second current comparing unit 126.
The control current generating unit 122 may generate a cor-
responding control current I in response to disable/enable
states of dimming control signal S_DIM and an enable con-
trol signal S_EN. The first current comparing unit 124 is
coupled to the control current generating unit 122, in which
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the first current comparing unit 124 is configured to compare
the control current I with a first predetermined current and
generate a first control signal S_C1 according to the compari-
son result. The second current comparing unit 126 is coupled
to the control current generating unit 122, in which the second
current comparing unit 126 is configured to compare the
control current I with a second predetermined current and
generate a second control signal S_C2 according to the com-
parison result. In the present embodiment, the first predeter-
mined current is less than the second predetermined current.

More specifically, the backlight control circuit 120 gener-
ates the first control signal S_C1 and the second control signal
S_C2 to the driving circuit 110 respectively according to the
dimming control signal S_DIM and the enable control signal
S_EN received by a complex function pin CP, so that the
driving circuit 110 may determine to be turned on or off
according to the second control signal S_C2 so as to control
whether to turn on the light emitting diode LEDs; and when
being turned on by the second control signal S_C2, the driv-
ing circuit 110 may further control a luminance of the light
emitting diode string LEDs according to the first control
signal S_C1.

In the present embodiment, the driving circuit 110 and the
backlight control circuit 120 including the control current
generating unit 122, a first current comparing unit 124 and the
second current comparing unit 126 may be integrated into one
control chip. In the integrated circuit layout of the control
chip, the backlight control circuit 120 controls the driving
circuit 110 by providing the corresponding control signal
according to the control current, meanwhile, the control cur-
rent is generated on a basis of the disable/enable states of the
enable control signal S_EN and the dimming control signal
S_DIM. Therefore, the control chip may receive two control
signals (the dimming control signal S_DIM and the enable
control signal S_EN) at the same time via only one single
complex function pin CP being disposed, and then perform
corresponding control actions, so as to significantly lower the
complicity in integration design.

To explain the present embodiment of the invention more
clearly, referring to FIG. 2 which is a schematic circuit dia-
gram of a backlight control circuit according to an embodi-
ment of the invention. Referring to FIG. 2, in the present
embodiment, the control current generating unit 122 includes
an operational amplifier OP and a transistor M1, and the first
current comparing unit 124 includes transistors M2 and M3
and a current source CS1, and the second current comparing
unit 126 includes a transistor M4 and a current source CS2.
Among which, the transistor M1 is, for example, an N-type
transistor; and the transistors M2 to M4 is, for example,
P-type transistors, but the invention is not limited thereto.

More specifically, the backlight control circuit 120 further
includes an input resistor Ri and an input diode Di. A first
terminal of the input resistor Ri receives the dimming control
signal S_DIM, and a second terminal of the input resistor Ri
is coupled to the control current generating unit 122 via the
complex function pin CP. A cathode terminal of the input
diode Di receives the enable control signal S_EN, and an
anode terminal of the input diode Di is coupled to the control
current generating unit 122 via the complex function pin CP.

The operational amplifier OP includes a first input terminal
coupled to a predetermined voltage Vp. A gate of the transis-
tor M1 is coupled to an output terminal of the operational
amplifier OP, and a source of the transistor M1 is coupled to
a second input terminal of the operational amplifier OP, the
second terminal of the input resistor Ri and the anode terminal
of'the input diode Di. A gate and a drain of the transistor M2
is coupled to a drain of the transistor M1, and a source of the
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transistor M2 is coupled to a power voltage VDD. A gate of
the transistor M3 is coupled to the gate of the transistor M2,
and a source of the transistor M3 is coupled to the power
voltage VDD. The current source CS1 is coupled between a
drain of the transistor M3 and a grounding voltage GND, in
which the current source CS1 is configured to provide a first
predetermined current I,,. A gate of the transistor M4 is
coupled to the gate of the transistor M2, and a source of the
transistor M4 is coupled to the power voltage VDD. The
current source CS2 is coupled between a drain of the transis-
tor M4 and the grounding voltage GND, in which the current
source CS2 is configured to provide a second predetermined
current [ ,.

In the present embodiment, the dimming control signal
S_DIM and the enable control signal S_EN are provided,
respectively, to the second input terminal of the operational
amplifier OP and the source of the transistor M1 via the
complex function pin CP, thus the operational amplifier OP
may determine whether to turn on the transistor M1 according
to the disable/enable states of the dimming control signal
S_DIM and the enable control signal S_EN. In addition, since
the dimming control signal S_DIM and the enable control
signal S_EN are fed in the control current generating unit 122
by different impedance components (the input resistor Ri and
the input diode Di), respectively, when the transistor M1 is
turned on in response to the control signals S_DIM or S_EN,
a conductive level of the transistor M1 may be varied accord-
ing to different control signals S_DIM or S_EN, so that the
transistor M1 may generate the control current I in various
magnitudes.

More specifically, the predetermined voltage Vp (e.g., 1V)
received by the operational amplifier OP is set to be greater
than a forward conducting bias of the input diode Di (e.g.,
0.7V). When the enable control signal S_EN is disabled (e.g.,
at low voltage level), the input diode Di is turned on in
response to a voltage difference between the cathode terminal
and the anode terminal, so that the operational amplifier OP
may output a signal with high voltage level to turn on the
transistor M1, so as to generate the corresponding control
current [ . (meanwhile, the control current I .. is greater than or
equal to the second predetermined current 1,,). In this case,
the control current I. generated by the transistor M1 is
mapped to current paths of the transistors M3 and M4, respec-
tively via a current mirror composed by the transistors M2
and M3 and a current mirror composed by the transistors M2
and M4, and so as to be compared with the first predetermined
current [, provided by the current source CS1 and the second
predetermined current 1., provided by the current source
CS2, respectively. In case that the enable control signal S_EN
is disabled, the second current comparing unit 126 generates
the second control signal S_C2 corresponding to the control
current [ which is greater than or equal to the second prede-
termined current 1,,, so that the driving circuit 110 is turned
off according to the second control signal S_C2 and stops to
provide the driving signal S_D to turn off the light emitting
diode string LED:s.

On the other hand, when the enable control signal S_EN is
enabled (e.g., at high voltage level), the input diode Di is
turned/cut off in response to the voltage difference between
the cathode terminal and the anode terminal, in this case,
whether to turn on the transistor M1 is mainly determined by
the disable/enable state of the dimming control signal
S_DIM. Herein, the input resistor Ri may be set to include a
specific resistance (e.g., 100,000 Ohms), so that a voltage
difference between the two terminals of the input resistor Ri
is greater than the forward conducting bias of the input diode
Di. Therefore, regardless of whether the dimming control
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signal S_DIM is disabled or enabled, the control current I
generated by the transistor M1 is less than the second prede-
termined current I,.

Furthermore, in case that the enable control signal S_EN is
enabled, when the dimming control signal S_DIM is disabled
(e.g., at low voltage level), the operational amplifier OP may
output a signal with high voltage level to turn on the transistor
M1 in response to the dimming signal S_DIM being disabled,
so as to generate the corresponding control current I . (mean-
while, the control current I - is greater than or equal to the first
predetermined current I, and less than the second predeter-
mined current [,). In this case, the control current I gener-
ated by the transistor M1 is mapped to current paths of the
transistors M3 and M4, respectively via a current mirror
composed by the transistors M2 and M3 and a current mirror
composed by the transistors M2 and M4, and so as to be
compared with the first predetermined current I, and the
second predetermined current [,, respectively. In case when
the dimming signal S_DIM is disabled, the first current com-
paring unit 124 generates the first control signal S_C1 corre-
sponding to the control current 1. which is greater than or
equal to the first predetermined current I, and second cur-
rent comparing unit 126 generates the second control signal
S_C2 corresponding to the control current I~ which is less
than the second predetermined current I, so that the driving
circuit 110 is turned on according to the second control signal
S_C2to continuously output the driving signal S_D to turn on
the light emitting diode string LEDs, and adjusts the lumi-
nance of the light emitting diode string LEDs to a first lumi-
nance according to the first control signal S_C1.

On the contrary, when the dimming control signal S_DIM
is enabled (e.g., at high voltage level), the operational ampli-
fier OP may output a signal with low voltage level in response
to the dimming control signal S_DIM being enabled, so as to
turn off the transistor M1. In this case, the transistor M1 stops
to generate the control current 1. (or generate the control
current I being OA, in which case the control current . is
less than the first predetermined current I, ), so that the first
current comparing unit 124 generates the first control signal
S_C1 corresponding to the control current 1. which is less
than the first predetermined current 1, and the second cur-
rent comparing unit 126 generates the second control signal
S_C2 corresponding to the control current I~ which is less
than the second predetermined current [,,. Therefore, the
driving circuit 110 is turned on according to the second con-
trol signal S_C2 to continuously output the driving signal
S_D to turn on the light emitting diode string LEDs, and
adjusts the luminance of the light emitting diode string LEDs
to a second luminance which is different from the first lumi-
nance according to the first control signal S_C1.

In other words, in the present embodiment, as long as the
enable control signal S_EN is disabled, regardless of whether
the dimming control signal S_DIM is enabled, the driving
circuit 110 stops to provide the driving signal S_D according
to the second control signal S_C2, so as to turn off the light
emitting diode string LEDs. Moreover, in the present embodi-
ment, the driving circuit 110 first determines whether to turn
on the light emitting diode string LEDs according to the
second control signal S_C2, then further determines the lumi-
nance of the light emitting diode string LEDs according to the
first control signal S_C1.

In light of above, a light emitting diode driving apparatus
and a light emitting diode backlight system using the same are
provided according to the embodiments of the invention. In
the light emitting diode driving apparatus, a backlight control
circuit may generate different control signals respectively
according to disable/enable states of'a dimming control signal
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and an enable control signal received, so that the backlight
control circuit may control the driving circuit by determining
a current size, and the driving circuit may determine to be
turned on or off according to a determined result and adjust a
luminance of the light emitting diode. Accordingly, the light
emitting diode driving apparatus and the backlight system
which are applied with said backlight control circuit may
receive two different control signals via only one single com-
plex function pin, so as to effectively simplify overall circuit
design of the light emitting diode driving apparatus and the
backlight system.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the present invention without departing from the scope or
spirit of the invention. In view of the foregoing, it is intended
that the present invention cover modifications and variations
of this invention provided they fall within the scope of the
following claims and their equivalents.

What is claimed is:

1. A light emitting diode driving apparatus suitable for
driving at least one light emitting diode string, the light emit-
ting diode driving apparatus comprising:

a complex function pin;

a driving circuit coupled to the light emitting diode string
and configured to provide a driving signal to drive the
light emitting diode string; and

a backlight control circuit coupled to the circuit complex
function pin and the driving circuit, wherein the back-
light control circuit comprises:

a control current generating unit receiving a dimming
control signal and an enable control signal from the
complex function pin, and generating a control cur-
rent in response to disable/enable states of the dim-
ming control signal and the enable control signal;

a first current comparing unit coupled to the control
current generating unit, and configured to compare
the control current with a first predetermined current,
s0 as to generate a first control signal accordingly; and

a second current comparing unit coupled to the control
current generating unit, and configured to compare
the control current with a second predetermined cur-
rent, so as to generate a second control signal accord-
ingly, wherein the first predetermined current is less
than the second predetermined current,

wherein the driving circuit determines to be turned on or off
according to the second control signal, so as to control
whether to provide the driving signal,

wherein the driving circuit further adjusts a magnitude of
the driving signal according to the first control signal, so
as to adjust a luminance of the light emitting diode
string.

2. The light emitting diode driving apparatus of claim 1,
wherein when the enable control signal is disabled, the con-
trol current generating unit generates the control current
greater than or equal to the second predetermined current in
response to the enable control signal, so that the driving
circuit is turned off according to the second control signal and
stops to provide the driving signal to turn off the light emitting
diode string.

3. The light emitting diode driving apparatus of claim 1,
wherein when the enable control signal is enabled, the control
current generating unit generates the control current less than
the second predetermined current in response to the disable/
enable state of the dimming control signal, so that the driving
circuit is turned on according to the second control signal and
provides the driving signal to turn on the light emitting diode
string.
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4. The light emitting diode driving apparatus of claim 3,
wherein when the dimming control signal is disabled, the
control current generating unit generates the control current
greater than or equal to the first predetermined current in
response to the dimming control signal, so that the driving
circuit adjusts the luminance of the light emitting diode string
to a first luminance according to the first control signal.

5. The light emitting diode driving apparatus of claim 4,
wherein when the dimming control signal is enabled, the
control current generating unit generates the control current
less than the first predetermined current in response to the
dimming control signal, so that the driving circuit adjusts the
luminance of the light emitting diode string to a second lumi-
nance which is different from the first luminance according to
the first control signal.

6. The light emitting diode driving apparatus of claim 1,
wherein the backlight control circuit further comprises:

an input resistor having a first terminal receiving the dim-
ming control signal, and a second terminal coupled to
the control current generating unit via the complex func-
tion pin; and

an input diode having a cathode terminal receiving the
enable control signal, and an anode terminal coupled to
the control current generating unit via the complex func-
tion pin.

7. The light emitting diode driving apparatus of claim 6,

wherein the control current generating unit comprises:

an operational amplifier having a first input terminal
coupled to a predetermined voltage; and

afirst transistor having a gate coupled to an output terminal
of the operational amplifier, and a second source/drain
coupled to a second input terminal of the operational
amplifier, the second terminal of the input resistor and
the anode terminal of the input diode.

8. The light emitting diode driving apparatus of claim 7,

wherein the first current comparing unit comprises:

a second transistor having a gate and a first source/drain
coupled to a first source/drain of the first transistor, and
a second source/drain coupled to a power voltage;

a third transistor having a gate coupled to the gate of the
second transistor, and a second source/drain coupled to
the power voltage; and

a first current source coupled between a first source/drain
of'the third transistor and a grounding voltage, and con-
figured to provide the first predetermined current.

9. The light emitting diode driving apparatus of claim 8,

wherein the second current comparing unit comprises:

a fourth transistor having a gate coupled to the gate of the
second transistor, and a second source/drain coupled to
the power voltage; and

a second current source coupled between a first source/
drain of the fourth transistor and the grounding voltage,
and configured to provide the second predetermined
current.

10. A light emitting diode backlight system, comprising:

at least one light emitting diode string; and

alight emitting diode driving apparatus configured to drive
the light emitting diode string, wherein the light emitting
diode driving apparatus comprises a complex function
pin, a driving circuit coupled to the light emitting diode
string and configured to provide a driving signal to drive
the light emitting diode string, and a backlight control
circuit coupled to the circuit complex function pin and
the driving circuit, wherein the backlight control circuit
comprises:

a control current generating unit receiving a dimming
control signal and an enable control signal from the
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complex function pin, and generating a control cur-
rent in response to disable/enable states of the dim-
ming control signal and the enable control signal;

a first current comparing unit coupled to the control
current generating unit, and configured to compare
the control current with a first predetermined current,
s0 as to generate a first control signal accordingly; and

a second current comparing unit coupled to the control
current generating unit, and configured to compare
the control current with a second predetermined cur-
rent, so as to generate a second control signal accord-
ingly, wherein the first predetermined current is less
than the second predetermined current,

wherein the driving circuit determines whether to provide

the driving signal according to the second control signal,

so as to control a conducting state of the light emitting
diode string,

wherein the driving circuit further adjusts a magnitude of

the driving signal according to the first control signal, so

as to adjust a luminance of the light emitting diode
string.

11. The light emitting diode backlight system of claim 10,
wherein when the enable control signal is disabled, the con-
trol current generating unit generates the control current
greater than or equal to the second predetermined current in
response to the enable control signal, so that the driving
circuit is turned off according to the second control signal and
stops to provide the driving signal to turn off the light emitting
diode string.

12. The light emitting diode backlight system of claim 10,
wherein when the enable control signal is enabled, the control
current generating unit generates the control current less than
the second predetermined current in response to the disable/
enable state of the dimming control signal, so that the driving
circuit is turned on according to the second control signal and
provides the driving signal to turn on the light emitting diode
string.

13. The light emitting diode backlight system of claim 12,
wherein when the dimming control signal is disabled, the
control current generating unit generates the control current
greater than or equal to the first predetermined current in
response to the dimming control signal, so that the driving
circuit adjusts the luminance of the light emitting diode string
to a first luminance according to the first control signal.

14. The light emitting diode backlight system of claim 13,
wherein when the dimming control signal is enabled, the
control current generating unit generates the control current
less than the first predetermined current in response to the
dimming control signal, so that the driving circuit adjusts the
luminance of the light emitting diode string to a second lumi-
nance which is different from the first luminance according to
the first control signal.

15. The light emitting diode backlight system of claim 10,
wherein the backlight control circuit further comprises:

an input resistor having a first terminal receiving the dim-

ming control signal, and a second terminal coupled to

the control current generating unit via the complex func-
tion pin; and

an input diode having a cathode terminal receiving the

enable control signal, and an anode terminal coupled to

the control current generating unit via the complex func-
tion pin.

16. The light emitting diode backlight system of claim 15,
wherein the control current generating unit comprises:

an operational amplifier having a first input terminal

coupled to a predetermined voltage; and
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afirst transistor having a gate coupled to an output terminal
of the operational amplifier, and a second source/drain
coupled to a second input terminal of the operational
amplifier, the second terminal of the input resistor and
the anode terminal of the input diode.

17. The light emitting diode backlight system of claim 16,

wherein the first current comparing unit comprises:

a second transistor having a gate and a first source/drain
coupled to a first source/drain of the first transistor, and
a second source/drain coupled to a power voltage;

a third transistor having a gate coupled to the gate of the
second transistor, and a second source/drain coupled to
the power voltage; and

a first current source coupled between a first source/drain
of'the third transistor and a grounding voltage, and con-
figured to provide the first predetermined current.

18. The light emitting diode backlight system of claim 17,

wherein the second current comparing unit comprises:

a fourth transistor having a gate coupled to the gate of the
second transistor, and a second source/drain coupled to
the power voltage; and

a second current source coupled between a first source/
drain of the fourth transistor and the grounding voltage,
and configured to provide the second predetermined
current.
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